Introduction
Angiogenesis or neovascularization is the formation of new blood vessels from existing blood vessels [1] . This process is considered imperative to meet the demand of un-interrupted supply of oxygen and other nutrients to sustain physiological activities in the body [2] . Recruitment of new blood vessels by vasculogenesis and/or angiogenesis is a mandatory phenomenon for multicellular organisms to grow beyond a size. This sensitive process is regulated by a balance of proand anti-angiogenic factors and any inequity in this equilibrium can cause several pathological conditions e.g., cancer [3] .
Angiogenesis is therefore classified into two categories, physiological and pathological. The physiological angiogenesis is activated during the process of fetal development, which persists even after birth to compose the normal blood vessels of adult e.g., during exercise, during wound-healing and during the female reproductive cycle (in the endometrium, corpus luteum and placenta) [4] . Likewise, physiological angiogenesis is obligatory for the delivery of effective amount of anti-cancer drugs to all regions of a tumor [5] . Pathological angiogenesis plays a vital contribution in several important diseases as in inflammatory diseases, ischemic conditions, diabetic retinopathy and cancer [6] . Despite the fact that pathological angiogenesis acquires several indistinguishable phenomenon as seen in physiological angiogenesis, pathological transformation may shift the equilibrium toward persistent angiogenic phenotype through several mechanisms [7] . Moreover, pathological angiogenesis is exceptionally prolonged event, which is not easily reversed therapeutically because anti-angiogenic inhibitors are somehow down regulated in pathological angiogenesis as is the case in atherosclerotic plaque, arthritis, psoriasis, diabetic retinopathy and cancer [8] .
Several theories have been investigated concerning the significance of angiogenesis in tumor progression and metastasis, and therapeutic inhibition of angiogenesis could serve as a novel means to treat cancer. Due to the fact that endothelial cells are predominantly nontransforming cells and less prone to drug resistance, anti-angiogenic therapy is considered as one of the most coherent approaches to control cancer and natural products should be among the first candidate to be included in this regimen.
Since the ancient times, plants have been used to treat several diseases and the era of modern pharmaceuticals started in 1800s, when scientists started to isolate active ingredients from plants [9] . Similar to modern pharmaceutical treatment, mixtures of plant extracts (known as fufang) is extensively utilized in traditional Chinese medicine to enhance the effectiveness and to decrease the toxic effects produced by different drugs. The discovery of new drugs from plants has a long and successful history, and certain anti-angiogenic and pro-angiogenic components from plants have been employed in traditional Chinese medicine for thousands of years [10] .
Many phyto-chemicals have recently been identified to contribute in signaling cascade of angiogenesis and are classified as angiogenic promoters or inhibitors based on their effects on vasculature [11] . Recently, scientists have established that several natural products e.g., green tea, Arizona cactus pear extract and certain other herbs have anti-cancer effects, which can modulate expression of tumor-related genes, effectively inhibit cell growth of different cancer cells, and suppress tumor growth [12] . Based on these facts, it is a valid statement that anti-angiogenic phyto-chemicals could be used to decrease the risk of cancer by preventing the growth of tumor blood vessels [13] .
The efficiency of phyto-medicines in angiotherapy could be further improved with extensive evidence based research and chemical optimization [14] . Keeping in view, the current project was designed to determine the efficacy of different concentrations of aqueous extract from Opuntia dillenii (OD) on angiogenesis by employing chicken chorioallantoic membrane (CAM) assay, which is a well-recognized model to study angiogenesis. OD (Cactaceae), frequently known as "Kanthari or Nagphana" in Hindi, "Chittar thohar" in Punjabi and "Prickly pear" in English [15] , is a traditional Chinese medicinal plant widely distributed in south China and India. OD is a xerophytic plant in which the leaves get modified into stems ( Figure 1A ) and called phylloclade. Its fruit is edible and is reported to be useful in gonorrhea, whooping and spasmodic cough [16] , while its roots are used for emesis in snake poisoning [17] . The paste of OD leaves is applied as poultice to reduce inflammation and to suppress boils, while the juice of opuntia genus is reported to have anti-inflammatory and analgesic activities [18] . Moreover, the leaf extracts of OD exhibit plasma glucose lowering effect in STZ induced diabetic and non-diabetic rats [19] .
Experimental Procedures

Plant extraction
The phylloclades of OD ( Figure 1A) were obtained from the botanical garden of Government College University, Lahore and were identified by a botanist. The aqueous extract of OD was obtained by the method as described by Wittschier [20] . In brief, dried phylloclades of OD were collected, ground in 2 mm wire mesh grinder and 5 g of ground OD was soaked in 150 ml distilled water for minimum of 24 h. The extract was then filtered by using Whatman filter paper (no. 1), dried and solution of 50 mg mL -1 served as stock solution. Different concentrations of this extract were prepared (Table 1) to investigate dose dependent response of OD on angiogenesis.
Preparation of chicken chorioallantoic membrane
Same procedure was adopted as reported in our previous publications [21] [22] [23] . Briefly, White Leghorn chicken (Gallus domesticus) eggs were incubated at 37°C (humidity 55-60%) after sterilization. On E4, a 26-gauge needle was used to create a small hole in the air sac of the egg to allow separation of the vascularized CAM from the dry white membrane and the shell. Moreover, a small widow of ~ 2cm×3cm dimensions was prepared in the egg shell and CAM was allowed to settle down to fill the airspace. Sterile parafilm tape (American National Can, Chicago, IL, USA) was then used to seal these eggs, which were incubated until day 6 when tested materials were used on the developing vasculature of CAM for 24 h.
Image acquisition and image probing system
Identical procedure of image acquisition was adopted as reported by Ejaz et al. [24] . Briefly, all images were obtained with respect to x, y, and z axis for an objective 3D evaluation of angiogenesis on CAMs using high resolution camera. Skimmed milk was also injected into the CAMs to enhance image contrast. Finally, images were quantified by scan probing image processing software (SPIP) (IBM-Denmark) for quantitative evaluation of angiogenesis. The diameter, length and 3D surface roughness of different blood vessels were quantified for precise quantification of angiogenesis on the surface of CAM [25] .
Histological evaluation
To process the CAMs for histological examination, CAMs were taken out from the eggs and preserved with 10% PFA. After series of methanol washing, CAMs were embedded in paraffin wax. Microtome was used to section (3 µm) these CAMs, which were than stained with haematoxylin-eosin (H&E). All stained slides were finally digitized to investigate any pathological changes in capillary plexus formation, changes in the CAM matrix and number of capillary plexuses beneath the ectoderm [25] .
Statistics
The data was presented as mean ± S.D. SPSS for windows (version 13, SPSS inc., Chicago, IL, USA) was used to analyze the data of CAM assay by applying student's t-test. The value of (P < 0.05) was termed as significant.
Results
Macroscopic evaluation of vascular configuration of CAM
In the control group, blood vessels of the CAM were nicely architectured in a tree-like branching pattern with uniformly distributed primary, secondary and tertiary blood vessels covering the entire CAM area. Blood vessels were originating from the main "Y" branch and no deterioration in vascular pattern, what so ever, was observed in control group ( Figure 1B) . Extremely aggravated dose dependent antiangiogenic response was recorded in all groups treated with extract of OD (*, Figure 2) . Maximum anti-angiogenic activities were recorded in group IV with maximum concentration tested. Macroscopic examination revealed that the entire vascular pattern was faded and nearly undifferentiated primary, secondary and tertiary blood vessels were commonly observed (*, Figure 2A) . Moreover, significant reduction in the area of CAM was also common finding. Despite the extent of damage was variable in other treated groups, all groups followed identical anti-angiogenic pattern. The least anti-angiogenic effects were observed in group I, where secondary and tertiary blood vessels were significantly damaged, resulting in production of avascular patches on the CAM ( Figure 2B ). Moreover, normal branching pattern was lost and the diameter of main "Y" branch was also affected at the terminal portions. Reduction in the area of CAM was also recorded in the same group. 
Decrease in the diameter of primary, secondary and tertiary blood vessels
SPIP was utilized for the precise quantification of the efficacy of different concentrations of OD on the area of CAM and diameter of primary, secondary and tertiary blood vessels in control ( Figure 3A ,B) and treated groups ( Figure 3C-F) . Total area of the CAM among all groups treated with OD was remarkably reduced (P<0.01). In case of control group (PBS treated), the total area of CAM was recorded as 167 mm 2 , whereas, it was 123, 121, 118 and 115 mm 2 in group I, II, III and IV respectively ( Figure 4A) .
Highly significant (P<0.01) reduction in the diameter of primary and secondary blood vessels were observed among all treated groups in dose dependent manner. The diameter of secondary blood vessels was found to be 0.18mm in control group, whereas, all groups treated with OD extracts demonstrated highly significant (P<0.01) thinning of secondary blood vessels and were 0.117, 0.10, 0.091, and 0.087 mm in groups treated with 4%, 6%, 8% and 10% of OD, respectively ( Figure 4B ). Identical pattern of significant (P<0.01) dose dependent reduction in the diameter of tertiary blood vessels was observed in group I and II, while significance level raised to (P<0.001) in group III and IV where the diameter of blood vessels dropped to 0.048 and 0.046 mm, respectively ( Figure 4C ).
Computerized evaluation of the structural malformations in CAM
In control group, 3D topographical evaluation (with and without wire-frame) of the blood vessels on CAM demonstrated maximum surface activities, representing active proliferative activities, as shown in Figure 5A -B. Dose dependent decrease in the proliferative activities was revealed in all OD treated groups. Maximum reduction in the topographic activities were observed in group IV treated with 10% aqueous extract ( Figure 5C-D) , representing the phenomena that blood vessels at the CAM surface were unable to proliferate, migrate and differentiate, while minimum reduction was recorded in group I treated with 4% aqueous extract ( Figure 5E-F) . Angular spectrum of the control group clearly spotlighted intense network of uniformly distributed blood vessels on CAM in symmetrical pattern ( Figure 6A ). Diverse changes in the distribution of the blood vessels were evident in all treated groups with maximum effects in group IV ( Figure 6C ) where totally deteriorated angular spectrum and damaged architectural distribution of neo-vessels was observed. Additionally, Abbott curve values, representing the height of blood vessels, were considerably reduced in OD treated groups ( Figure 6D,  F) , when comparing with control group (Figure 6B ).
Histological evaluation of the structural deformities in CAM a) Scrutiny of capillary plexuses development
In the control group, fully developed and evenly distributed capillary plexuses (small arrows) were observed in the ectoderm of control CAM ( Figure 7A , B, D, F), which were illustrating a healthy environment for the development of embryo. In contrast, highly significant (P<0.01) dose dependent reduction in the capillary plexuses formation was observed the in CAMs treated with OD ( Figure 7A ). Maximum reduction in the physiological architecture of capillary plexuses was revealed in group IV, where ectodermal thickening resulted in the destruction of capillary plexuses (Figure 7C,E,G) . b) Pathological changes in the primary, secondary and tertiary blood vessels of CAM In the control group, a double layered ectoderm was fully developed containing abundant capillary plexuses ( Figure 7B , small arrows) for exchange of gases and waste materials in the primary blood vessel. Moreover, numerous blood vessels were observed moving towards the ectoderm to form additional capillary plexuses. A well-defined meshwork of mesodermal fibroblasts and collagen fibers were uniformly distributed throughout the mesoderm, representing enriched environment for angiogenesis. The architecture of the developed blood vessels ( Figure 7B , arrow) in mesoderm was perfectly fine consisting of inner layer of endothelial cells and smooth muscle layer externally. Well established endodermal layer was also observed wrapping the interior structures. Several capillary plexuses were also observed under the ectodermal layer in secondary ( Figure 7D) , and tertiary ( Figure 7F ) blood vessels. Fully matured secondary blood vessels were evident, while very small blood vessels were observed either below the ectoderm or close to ectoderm ( Figure 7F ). Abundant extracellular matrix was observed, which was full of collagen fibers and well developed fibroblasts. Aqueous extract of OD caused marked dose dependent effects on the development of CAM and its vasculature, with maximum effects seen in group IV (Figure 7C, E, G) . Thinning of the ectodermal layer, decreased capillary plexuses formation and delayed migration of the blood vessels towards ectoderm were common finding ( Figure 7C) . The collagen meshwork of the mesoderm was fairly collapsed and somehow missing from the upper stratum of mesoderm. Decreased population of fibroblast was also observed around the primary blood vessels. Application of OD caused substantial damages to secondary ( Figure 7E ) and tertiary blood vessels ( Figure 7G ). Concentrated population of fibroblast at certain points was common finding around the secondary blood vessels. Moreover, uneven growth of the endodermal layer was also seen. Finally, excessively collapsed capillary plexuses, reduced mesodermal extracellular matrix, poor differentiation and proliferation of the tertiary blood vessels were resulted after treatment with OD ( Figure 7G ).
Discussion
Process of angiogenesis is activated during the evolution of tumor and leads to the formation of new vasculature that carry out the progression of tumor [26] . It is evident from the literature that process of angiogenesis is governed through different regulators which, either provoke or combat blood vessels generation. A number of these factors are signaling proteins that stimulate or inhibit receptors on vascular endothelial cells [27] .
In this milieu, it is imperative to discover/develop new agents preferably from natural sources that have inhibitory effects on angiogenesis for the treatment of cancer. From time immemorial, medicinal agents are obtained from natural sources. Herbs are important in the treatment of different diseases because plants are continuous source of various active substances that are crucial in the mitigation and management of different pathological conditions. Moreover, medicinal agents from plant sources has the advantage that they are blend of multiple inactive substances which could enhance the safety and efficacy in comparison to that of isolated active compounds [28] .
Aqueous extract of OD in concentration 4%, 6%, 8% and 10% was evaluated for its anti-angiogenic potential by observing its effects on developing blood vessels of CAM. The extracts showed dose dependent anti-angiogenic activity but there was no significant difference among various groups. Aqueous extract of OD resulted in reduction of the CAM area with thinning of the secondary blood vessels and fading of tertiary blood vessels. CAM area, diameters of the blood vessels, angular distribution of blood vessels, and capillary plexuses formation were repressed to varying level by aqueous extract treatment. It was evident that after application of aqueous extract, there was highly significant (P<0.01) reduction in the area of CAM along with highly significant (P<0.01) decrease in the diameter of secondary and tertiary blood vessels in comparison to control group. Additionally, 3D quantification of CAMs revealed significant anti-angiogenic activities among different treated groups. H&E staining was used to spotlight the structural deformities resulted from application of aqueous extract of OD. In control group, there was a compact layer of ectoderm with lots of capillary plexuses. Mesodermal collagen fibers and fibroblasts were present in the form of fine meshwork and endodermal layer was fully intact. The application of aqueous extract resulted in thinning of ectodermal layer with fall in capillary plexus formation and mesodermal collagen meshwork was shrinked with a decrease in extracellular matrix. Angular spectrum of chorioallantoic membrane of control group revealed homogenous distribution of blood vessels covering the entire surface (A), while variation in vasculature was observed in treated groups (10%; C and 4%; E). Note reduction in the height of blood vessels of treated groups (10%; D and 4%; F) with respect to control group (B).
Hardly any data is available to discuss the medicinal use of OD, specifically in angiogenesis/ cancer research, but different other studies have described anti-cancer effects of Cactaceae family to which OD belongs. Zou et al. [12] has used aqueous extract of cactus pear to treat immortalized ovarian and cervical epithelial cells, as well as ovarian, cervical, and bladder cancer cells in different concentrations. Cells exposed to cactus pear had a significant increase in apoptosis and growth inhibition in immortalized epithelial cells and cancer cells, which was dose dependent. Moreover, cactus pear extracts Figure 7 . Graphical illustration highlighting reduction in the number of capillary plexuses (A) and H&E staining exhibiting changes in chorioallantoic membrane exposed to aqueous extract of Opuntia dillenii. Chorioallantoic membrane of the control group exhibiting double layered ectoderm (small arrows) with intense capillary plexuses and a homogenous meshwork of mesodermal collagen fibers. A well developed mesodermal blood vessel (arrow) and solid layer of endoderm spreading the whole area was exhibited in primary (B), secondary (D) and tertiary (F) blood vessel of the control group. Groups treated with 10% solution of OD illustrated obvious alterations of the ectodermal and endodermal membranes leading to deterioration of the mesoderm meshwork (C). In addition, there was substantial damages to secondary (E) and tertiary (G) blood vessels. ** =P<0.01.
significantly suppressed tumor growth in nude mice, increased annexin IV expression, and decreased VEGF expression [12] . Similarly, in another study, Feugang et al reported inhibitory effects of aqueous extract of cactus pear on cancer cell growth via accumulation of intracellular ROS, which may activate a series of reactions resulting in apoptosis [29] . In a recent study, Gupta has isolated Betanin from Cactaceae family, which is the key anti-cancer agent against human chronic myeloid cancer cell line, and also inhibits cervical and bladder cancer [30] . Ahmad et al. also reported that extract of OD possess certain flavonide glycosides, which exhibit anti-inflammatory and analgesic activities [31] . Different polysaccharides isolated from aqueous extract of OD, is also reported to exhibit potent immuno-modulatory activity, inducing production of ROS, nitric oxide, tumor necrosis factor α, and interleukin 6 [32] . Methanolic extract of OD exhibited anti-oxidant activities and inhibitory effects on low density lipoprotein (LDL) per-oxidation [33, 34] .
Conclusions
The current study advocates that Cactaceae family has got significant anti-angiogenesis/anti-cancer potential. Drugs from plant sources are associated with additional benefits as they are less toxic as compared to the synthetic agents [34] . The current in vivo anti-angiogenic study of OD provides platform for further investigation of pharmacological and phyto-chemical potential of anti-angiogenic compounds from this plant sources. In conclusion, OD extract possess anti-angiogenic activity and this promissory extract open the likelihood of discovering new clinically effective anti-angiogenic compounds for the treatment of cancer.
